ETL 1110-1-181
12 Jan 98

Appendi x B

Ef fi ci ency Conpari sons

B-1. BACKGROUND. The procurement of liquid chillers is very difficult
when trying to specify the best applicable energy efficiency.
Efficiencies of liquid chillers vary greatly based upon a nunber of
different factors. Sonme of the factors include:

a. Chiller type.

b. Site specific conditions (i.e., outdoor design tenperatures,
supply water design tenperatures, etc.).

c. Commrercial availability.
d. Heat recovery.
e. Refrigerant type (i.e., R-22, R 123, R-134a, etc.).

B-2. ENERGY EFFI Cl ENT PRODUCTS. To encourage the procurenment of energy
efficient products where practical and cost effective, the President of
the United States signed into | aw Executive Order 12902 on March 1994.
The key itens in the Executive Order which deals with the procurenment of
energy efficient products by federal agencies is presented below. The
efficiency values presented in the designer’s notes of the Corps of

Engi neers Gui de Specification (CEGS) 15650 “CENTRAL REFRI GERATED

Al R- CONDI TI ONI NG SYSTEM' wer e devel oped based upon Executive Order

12902.

“Section 507.(a).(2) To further encourage a market for highly-
energy-efficient products, each agency shall increase, to the
extent practical and cost effective, purchases of products that
are in the upper 25 percent of energy efficiency for all sinmlar
products, or products that are at |east 10 percent nore efficient
than the minimum | evel that nmeets Federal standards. This

requi rement shall apply wherever such information is avail able,
ei ther through Federal or industry approved testing and rating
procedures.”

B-3. ENERGY PERFORMANCE TERMS. Efficiency rating procedures for liquid
chillers are defined in ARl 550, ARl 560, and ARl 590 as applicable.

The foll owi ng paragraphs are expl anations of typical terns used by ARl
to define efficient ratings of liquid chillers.

a. Coefficient of Performance (COP). The COP rating of a liquid
chiller is equal to the net equi pnent cooling capacity divided by the
total power input to the unit, including controls. COP values are
di mensi onl ess.

b. Energy Efficiency Ratio (EER). The EER rating of a liquid
chiller is equal to the net equi pnent cooling capacity divided by the
total power input to the unit, including controls. EER values are
expressed in Btuh/Watt. EER is typically used to rate the cooling
efficiency of a liquid chiller running at full |oad conditions.

c. Integrated Part-Load Value (I PLV). The IPLV rating of a liquid
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chiller represents a single nuneric representation of part | oad
efficiency at different load points. The different |oad points of a
chiller are determ ned based upon standard ARl rating conditions. The
standard rating conditions are defined in ARl 550, ARl 560, or ARl 590
as applicable. |PLV values are expressed either as kWton or are

di mentionl ess

d. Application Part-Load Value (APLV). The APLV rating of a
liquid chiller represents a single nuneric representation of part |oad
efficiency at different |load points. The different |oad points of a
chiller are determ ned based upon site specific rating conditions. APLV
val ues are expressed either as kWton or are dinmentionless.

B-4. LIQU D CH LLER TYPES. Liquid chiller designs are either the vapor
conpressi on type or the absorption type. Both designs rely on a cycle
of condensation and evaporation to produce cooling. Refer to the

“ ASHRAE HANDBOOK, Refrigeration Systems and Applications” for a thorough
expl anati on of each type of chiller system

B-5. CURRENT ENERGY MANDATES. M ni num energy performance standards
for electrically-driven liquid chillers (vapor conpression type) in
federal buildings are defined in 10 CFR 435.108 and ASHRAE 90.1. The
energy paraneters are based upon the standard rating conditions
established in ARl 550 and ARl 590. At the tine of publication of this
ETL, m ni mum energy perfornmance standards for other types of liquid
chillers (i.e., absorption type chiller, gas engine-driven type
chillers, etc.) were not specifically nmandated by any federa
regul ati ons.

B-6. CHILLER EFFICI ENCI ES. Because of typical manufacturing practices,
nost liquid chillers are not available in multiple efficiencies for each
avai |l abl e capacity. Only one nodel, and therefore, only one efficiency
is available froma manufacturer for a given capacity. This is not the
case; however, for large electrically-driven, water-cooled rotary screw
or centrifugal type chillers (typically larger than 200 tons capacity).
These type chillers can be supplied by manufacturers in numerous
efficiencies for each capacity.

B-7. CURRENT ARMY CRITERIA. The Corps of Engineer’s CGuide

Speci fication (CEGS) 15650 “Central Refrigerated Air-Conditioning
Systent contains the Arny’s current recomendati ons for m ni mum energy
efficiencies for all types of liquid chillers. The recomendations in
CEGS 15650; however, are not based upon the best commrercially available
chiller efficiencies. The recomrendations are intended to neet or
exceed any current energy mandates while also allow ng conpetitive

bi ddi ng anong mul ti pl e manuf acturers.

B-8. CHILLER PROCUREMENT. In the procurenment process of a liquid
chiller, mnimmspecification requirenents (including efficiency) wll
be devel oped using CEGS 15650. |In addition, the procurenment contract
shoul d include a bid option that will allow each bidding Contractor the
ability to supply an additional proposal (s) at no additional cost to the
Government for providing a nore efficient chiller than is specified.

The Contractors nust identify the first cost and efficiency of each
addi ti onal proposal. In review of the Contractors’ proposals, a
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desi gner can conpare and eval uate the baseline chiller proposals (per
the specification) along with each of the additional chiller proposals.
The designer will have to perform an econom ¢ conpari son between each of
the proposals in order to determine the optimum efficiency to select.

B-9. SAMPLE ECONOM C COMPARI SON. I n conparing various chiller
proposal s, the designer must keep in mind that the chiller with the best

part load or full load efficiency is not always the optimumchiller to
sel ect. Factors such as chiller first cost, chiller energy usage,
avai |l abl e energy costs, etc. will all be influential in the chiller

sel ection. As an exanple, refer to Appendix C for an econonic
conpari son of various electrically-driven, water-cooled 200 ton
centrifugal chillers.



